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Introduction

Cementitious
Material

Construction materials form the foundation of
the reliable and sustainable performance of
architectural substances. Studies revealed that
changes in material constituents, their relative
ratio, and microstructures often lead to a
concurrently change in mechanical and
thermophysical properties. This opens up extra
design space where the materials’ mechanical
and thermal properties can be simultaneously
tuned for structural and energy efficiency. In
this project, thermal properties of cement
mortar with several additives are tested using
Transient Plate Source (TPS) method. Some
admixtures or additives that were tested
include:
•Carbon nanotubes
•Microspheres
•Air Entrainment
•Copper
•Silica Fume
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reading of its thermal
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Results

• As more microspheres were added, the thermal conductivity and
strength decreased.
• The air entrainment had a similar relationships as the
microspheres. As more air entrainment was added the thermal
conductivity and strength decreased. This is seen in the graphs
below.
• The graph for the carbon nanotubes is not shown here due to
the inconclusive nature of the graph. The values of thermal
conductivity were not consistent. We believe that is due to the
amount of voids in the cement mortar causing our values to be
sporadic.

Mixing in microspheres while
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The carbon nanotubes being
sonicated for about 20
minutes.

Methodology

• The cylinders were made with a .42 water-to-cement
ratio and had a 1:2.75 Type I/Type II Portland
Cement to sand ratio.
• The thermal conductivity was measured by using the
TPS method which has a sensor containing two
metal spirals which are a heat source and a
resistance thermometer. The material is clamped
around it so that the sensor is sandwiched in the
middle of the specimen.
• The strength of the material was tested by
compressing 2in x4 in cylinders in a MTS machine.
There were three samples of the same mix were
tested in order to make an average strength for each
variation of the cement

Conceptual Framework
By studying how the thermal properties in concrete
change due to admixtures, we are able to think of
possibly more energy efficient ways to maintain steady
temperatures within a confined space. Therefore in
buildings pipes with hot or cold water can be run
through concrete walls or floors and the temperature of
water can affect the room temperature.

Conclusions
• The decrease of the thermal conductivity and
strength of the cement with microspheres is due to
the introduction of air into the system. Since
microspheres are glass bubbles it makes the cement
less dense and therefore decreases the thermal
conductivity.
• Similarly, the air entrainment creates bubbles within
the cement that are uniformly distributed, This
creates cement that is less dense. Therefore the
strength is less and so is thermal conductivity.
• Retesting of specimens with carbon nanotubes need
to be done. The new batches of carbon nanotube
cylinders should either have an increased water
cement ratio or an increase of water-reducer.
• The measurements of cement mortar with copper
and silicia fume are in process of bring calculated.
These will improve our understanding of how
admixtures impact the thermal conductivity and
strength.
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